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(71) We, National Research De- 
velopment Corporation, a British Cor- 
poration, established by Statute, of Kingsgate 
House, 66 - 74 Victoria Street, London, 

5 S.W.I, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by v/hich it is to be 
performed, to be particularly described in and 
by the following statement; 

10 This invention relates to radiation detectors 
and more particularly to gamma-ray detectors 
suitable for us in gamma-ray cameras, to 
methods of producing such detectors, and to 
cameras employing such detectors. 

15 It has been proposed to make a form of 
radiation deteaor comprismg a plate of semi- 
conductor material having parallel connector 
strips applied to each face thereof, the plate 
containing an intrinsic region sandwiched 

20 between regions of opposite conductivity types 
and the strips on one face being aHgned trans- 
verse to those on the other face, preferably 
at rigjht angles. Such a detector effectively pro- 
vides in a single body a two-dimensional array 

25 of individual p-i-n devices. 

However, in such a detector it may be found 
that the resistivity of the semi-conduaor mat- 
erial is insufficient to prevent interaction be- 
tween one comiector strip and another. 

30 It is die object of the invention to provide 
an inq>roved radiation detector. 

According to the invention in one aspect 
there is provided a radiation detector compris- 
ing a slab of semi-conductor material having 

35 first and second regions of opposite conductiv- 
ity types formed on opposite sides of the slab 
with an intrinsic r^on between them, the slab 
having formed in it slots which divide the re- 
spective sides of the body into parallel ribs, 

40 the ribs on one side of the slab being aligned 
transverse to those on the other side of the 
slab, the arrangement being such that the jimc- 
tions between the intrinsic region and the 
first and second regions lie within the said ribs, 
[Price 2Sp] 



and means for making electrical connection to 45 
each of the said ribs. 

Preferably the ribs are so aligned that those 
on one side of the slab are at right angles 
to those on the other side of the slab. 

According to the inv^tion in another 50 
aspect, a gamma camera comprises a detector 
as aforesaid in whidi the semi-conductor mat- 
erial is germanium means for applying a bias 
voltage betwen the ribs on opposite sides of 
the slab, and circuit means operable by pulses 55 
produced by gamma rays incident on said de- 
tector to indicate at which portion of the in- 
trinsic region a gamma ray was incident. 

There is also provided a method of produc- 
ing the radiation detector including the steps 60 
of finally etching and quenching the said slab 
in such a manner that both of the sides of 
the slab are exposed simultaneously to freely 
moving liquid. The slab may be etd»d and 
quenched in a vessel having a curved lower 65 
surface which makes point contact with the 
slab and thus allows free movement of liquid 
between the lower of said faces and the curved 
surface. 

To enable the nature of the present inven- 70 
tion to be more readily understood, attention 
is directed, by way of example, to the accom- 
panying drawings wherein : — 

Figure 1 is a perspective view of a gamma 
ray deteaor embodying the invention; 75 

Figure 2 is a schematic diagram of a gamma 
ray camera embodying the detector of Figure 
1; and 

Figure 3 is a diagram illustrating a stage 
in the manufacture of the detector shown in 80 
Figure 1. 

Referring to Figure 1, a slab 1 initially of 
high purity p-type germanium which has been 
lithium-drifted to provide a p-i-n structure 
within it has opposite sides divided into ribs 85 
2 and 3 by slots 4 and 5, such that the ribs 
2 extend perpendicularly to the ribs 3. The 
slots 4 and 5 are of such depth that the 
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i-n and p-i junctions lie within the ribs 2 and 
3. The sorface of each of the upper ribs 2 
is formed into a low resistivity region and the 
surface of each of the lower ribs 3, is also 
5 formed into a low resistivity region so that 
ofamic contacts may be made to the p and n 
regions of the slab 1. r r 

The low resistivity region at the surface of 
the upper ribs 2 is achieved by initially 
10 doping this part of the slab 1 to a very high 
concentration of lithimn, and die low resisti- 
vity region at the surface of each of tiie lower 
ribs 3 is formed as described below. The in- 
trinsic region of the slab 1 is thus divided into 

15 an array of portions; each bounded by an i-n 
junction in one of the ribs 2 and a p-i junc- 
tion in one of the ribs 3, which effecpveiy 
provides an array of individual p-i-n devices. 
In one example, the slab 1 is 2.3 cm. sq. 

20 and 0.5 cm. thick, the ribs 2 and 3, 2mm. 
wide, the slots 4, 1 mm. wide and 2 mm. 
deep, and the intrinsic region 2 mm. thick. 

Greater counting eflSciency can be obtained 
by increasing the thickness of the intrinsic 

25 region to, say 1 cm. giving gr^^r 
absorption of the gamma rays. This 
requires the use of a thicker slab 1. In 
a second example, the slab is 4.7 cm. sq. and 
1.1 cm. thick with an intrinsic region sonie 

30 O.S cm. thick. The slots 4 have the same di- 
mensions as in the first example. « , 
Connections may be made to the ribs 2 and 
3 by using printed circuit techniques to pro- 
duce gold plated contact strips on a flexible 

35 insulated base, e.g. of fibreglass or the plastics 
material known as KEPTON, the strips corre- 
sponding in dimensions and location to the 
surface of the ribs 2 and 3. Indium-gallium 
eutectic is applied to the ribs 2 and 3, the 

40 gold-plated contact strips axe "tinned" with in- 
dium, and the latter are pressed down upon 
the ribs 2 and 3. The gold-plated strips are 
connected to terminals on the base in the nor- 
mal manner. The indium-gallium eutectic al- 

45 loys with the p-type germam'um that constitutes 
the lower ribs 3, thus providing the low resisti- 
vity contact with the germanium. These con- 
nections are omitted from Figure 1 for clarity. 
It is important that the contacts to the p 

50 and n type regions of the slab 1 should either 
be of low resistivity or at least ohmic, or 
slwuld have junctions between different dop- 
ing levels of such a kind tiiat, when the device 
as a whole is reverse biased, each of these junc- 

55 tions is forward biased. If this is not insured, 
a loss in gain results. 

Figure 2 shows the drcuit of a gamma cam- 
era employing the detector of Figure 1. Gam- 
ma rays from a source (not shown) pass 

60 through a parallel hole coUimator 7 whose 
square section holes are aligned on the portions 
of the intrinsic region referred to above. Each 
rib 2 is connected to a -f ve bias voltage via 
a resistor 8 and each rib 3 to — ve bias voltage 

65 via a resistor 9. Eadh rib 2 is coimected via an 



amplifier 10 to a logic circuit 11, and each 
rib 3 via an amplifier 12 to the logic drcuit 
11. The incidence of a gamma-ray on a given 
portion of the intrinsic region causes a — ve 
output pulse to be produced from the corre- 70 
sponding rib 2 and a +ve output pulse from 
the corresponding rib 3, simultaneously. The 
logic circuit 11 may be of the kind described 
with reference to Figure 8 of the paper by 
Hofker et al published in IEEE Trans. Nucl. 75 
Sd. NS-13 (1966), 208, and its output indi- 
cates at which portion of the intrinsic region 
the gamma ray giving rise to the two output 
pulses was inddent. The amplifiers 10 and 12 
can be rdatively low quality and thus relative- 80 
ly cheap. 

The detector 1 is maintained at liquid mt- 
rogen temperature by contact with a metal 
plate 13 cooled by contact with the liquified 
gas. Figure 2 shows a space between plate 13 85 
and the detector for clarity, but in practice 
it is located in contact with, diough electrically 
insulated from, the ribs 3 and the connections 
thereto. 

Figure 2 shows the n-type ribs 2 directed 90 
towards the coUimator 7, but the detector may 
be reversed so that the p-type ribs 3 are direc- 
ted towards iL 

The detector shown in Figure 1 is made 
from monocrystaUine high purity germanium, 95 
for example a Czochralski or a zone levelled 
single cr3^tal ingot^ having a resistivity of 10 — 
30 ohm cm. and a minority lifetime greater 
tiian 500 m« sec. which is grown in the (111) 
orientation and doped with gallitmi to render 100 
it p-type. The dislocation density and the oxy- 
gen content are minimised to facilitate the lith- 
ium drifting which is a stage in the manufac- 
ture of the detector, and in any case the oxy- 
gen content should be less than 10" oxygen 105 
atoms/cc. 

The steps in the production of the detector 
are as follows : — 

(1) From the ingot is cut a 0.5 cm. thick 
slice 2.3 cm. sq., using a diamond-impregnated 110 
saw. 

(2) Using a similar saw, the slots 5 are cut 
to form the ribs 3. 

(3 The slice is etched in a solution of HF 
and HNOa to remove surface damage, and 115 
cleaned ultrasonically in trichloroethylene fol- 
lowed by metiianol. 

(4) a lithium-in-oil suspension is applied to 
the tmslotted face of the slice, which has been 
heated to about 400°C, and the crystal is 120 
maintained at this temperature for 15 — 20 
minutes so that the Hthium is initially diffused 
into the crystal to a depth of 0.5 — 1 mm. 

Contacts are made to the opposite faces of 
the slice and a potential is applied to reverse 125 
bias the diode structure that results from stage 
(4). Under the action of the applied potential, 
lithium ions drift through the crystal and com- 
pensate for acceptor impurities present in the 
oystal, to form an mtrinsic region in the crys- 130 
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taL The rate of drift is a fiincdon of the tem- 
peratine of the crystal as well as the bias po- 
tential and dieiefoie steps must be taken to 
ensure that the temperature conditions are ac- 

5 curately controlled. One method of doing this 
is to cany out the drifting pxDcess in air with 
the crystal clamped direcdy between two ther- 
mo-modules and to control the ten^rature of 
the modules, via a control circuit, by the cur- 

10 rent flowing through the device so that the 
drifting is carried out under conditions of con- 
stant power. 

(5) The diffused lithium is drifted towards 
the slotted face until the intrinsic region is 

15 about 2 mm. diick and extends about 0.5 mm. 
into fthe ribs 3, the remainder of the 
mitiaUy diffused layer providing an n-type re- 
gion. 

(6) The slots are cut in the imslotted face 
20 to form the ribs 2, whose surfaces now form 

the low resistivity contacts to the n-type re- 
gion. 

(7) The slice is re-etched in a solution of 
HF and HoOo followed by quenching in an 

25 aqueous solution of CaClg (10 gm/litre of de- 
mineralised water) and dried in a stream of 
nitrogen (as described by de Wkt and McKen- 
zie, llth Scintillation and Semi-Conductor 
Counter Symposium, Washington, February, 

30 1968). ^ 

(8) The detector so formed is given a clean- 
tq) drift by the use of known techniques. 

(9) The low resistitivy p-typc region is 
formed as described and connections are ap- 

35 phed to the ribs in the manner already de- 
scribed in the present spedffcation. 

As usual in the art, the cutting operations 
must be carried out with circumspection to en- 
sure that the minimmn of work damage to the 

40 crystals occurs. 

In carrying out step (7) above, it has been 
found important that first the etching and then 
the quenching liquid should circulate freely 
and simultaneously over all surfaces of the de- 

45 tector. If , for example, these processes are car- 
ried out in an ordinary flat-bottomed beaker, 
the side in contact with the bottom of the 
beaker is denied free access to the liquids, even 
when these are swirled about Even if the de- 

50 tector is subsequentiy turned upside down and 
the liquids re-swirled satisfactory results are 
not obtained. The surface insulation between 
the ribs remain insufficient to ensure low 
cross-talk and low noise, 

55 It is therefore preferred to carry out the 
final etching and quenching steps in a vessel 
having a base whidh is concave on the in- 
side, which allows the detector to make only 
point contact therewith. For example, as shown 

60 in Figure 3, a conical filter funnel 14 whose 
outiet 15 has been stoppered forms a suitable 
vessel, and after the quench a stream of drymg 
nitrogen can be fed throueh the unstopnered 
oudet 

65 Alternatively die slab can be held in a nylon 



damp that has two sets of knife edges which 
arc so positioned as to be perpendicular to the 
ribs on the respective sides of the slab, and 
the slab and damp can be rotated in the etch 
at a suitable speed, such as 10 r.pjn. by an 70 
electric motor. 

WHAT WE CLAIM IS : — 

!• A radiation detector comprising a slab 
of semi-conductor material having first and 
second regions of opposite conductivity types 75 
formed on opposite sides of the slab with an 
intrinsic region between them, the slab having 
fonned in it slots which divide the respective 
sides of tile slab into parallel ribs, the ribs on 
one side of the slab being aligned transverse 80 
to those on the other side of the slab^ the ar- 
rangements being such that the junctions 
between the intrinsic region and the first and 
second regions lie witfam tfiie said ribs, and 
means for making electrical connection to eadi 85 
of the said ribs. 

2. A radiation detector according to Claim 
1 wherein the said ribs are so aUgned that 
tiiose on one side of the slab are at right angles 

CO those on the other side of the slab. 90 

3. A radiation detector according to either 
Claun 1 or Claim 2 wherein the slab is of 
gennam'um. 

4. A gamma ray comprising a radiation de- 
tector according to Claim 3 including means 95 
for applying bias voltages between the ribs on 
opposite sides of the slab, and circuit means 
operable by pulses produced by gamma rays 
inddent on the said detector to indicate at 
which portion of the intrinsic region a gamma 100 
ray was incident. 

5. A gamma ray according to Claim 4 in- 
cluding means for maintaining tiie temperature 
of the detector at a predetermined low value. 

6. A method for producing a radiation de- 105 
tector according to Claim 1 comprising the 
steps of forming the slots on one side of a 
slab of semi-conductor material of a given con- 
ductivity type, diffusing a dopant material into 

the other side of the slab to form a region 110 
of opposite conductivity type, drifting the do- 
pant through the slab to form the intrinsic re- 
gion until the boundary between die intrinsic 
region and the region of said given conductiv- 
ity type lies within the ribs on the said side 115 
of the slab, so forming the slots in the second 
side of the slab that the boimdary between the 
intrinsic region and the region of said opposite 
conductivity type lies within the ribs on the 
second side of the slab, and etching and 120 
quenching the slab in such a manner that both 
of the said sides of the slab are exposed simul- 
taneously to freely moving liquid. 

7. A method according to Qaim 6 wherein 

the etching and quenching is carried out in 125 
a vessel the shape of which is such as to make 
only point contact with the slab, 

8. A radiation detector substantially as here- 
in described with reference to Figure 1 of the 
accompanying drawings. 130 
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9. A gamma camera substantiaUy as herein 
with Inference to Figure 2 of the accompany- 
ing drawings. , ^ . J. . J 

10. A method of produang a radiauon de- 
teaor according to Qaim 1 substantially as 



described with reference to Figure 2 of the 
accompanying drawings. 

D. H. BRIDGES, 
Chartered Patent Agent, 
Agent for the Apph'cants. 
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